The dipoles of salts which have two large unsymmetrical ions and whose dipole moments are not too large, such as tributyl-or triamylammonium picrate,1 2 exhibit but little association. For these salts an equilibrium exists between dipoles and quadrupoles which conforms to the law of mass action.3 If one of the ions of the salt is small, as with tributylammonium iodide, associated molecules of a higher order than quadrupoles are formed, even at low concentration. ' The quaternary ammonium salts, such as tetrabutylammonium thiocyanate, which have large dipole moments, have association numbers greater than two, even at 1 X 10-3 N. For these salts, the association numbers increase with increasing concentration. According to Copenhafer, 4 for example, the association number of tetraisoamylammonium thiocyanate increases to a maximum value of 26 at a concentration of approximately 0.12 molal, after which it decreases to a value of 11.5 at 0.426 molal. Similar results have been obtained for several other salts.
Copenhafer found that the association number of octadecyltributylammonium formate increases from a value of 10, at 10-3 N, to 20, at 3 X 10-3 N. Young5 found the association number of octadecyltributylammonium thiocyanate to increase to a value of 40 at 0.15 M, with no indication of a maximum.
It seems that the salts of long chain ions are more highly associated than are salts of symmetrical ions. Accordingly, we have determined the molecular weight of octadecyltri-n-amylammonium thiocyanate, octadecyltrin-butylammonium bromate, and octadecyltri-n-amylammonium formate.
Measurements When equilibrium has again been attained, the e. m. f. of the thermel is measured. The stirrers are then stopped and the solid is allowed to settle to the bottom. Two samples of the solution are withdrawn into weighed quartz pipettes and the weight of each solution is determined. The solu- Knowing the concentration of the solution and the temperature depression due to the solute, the molecular weight may be computed on the assumption that Raoult's law holds. While the weight concentration of solute may be rather high, the solutions are not very concentrated in a thermodynamic sense since the association of the solute is high and the total number of molecules in solution is not great. The results for octadecyltri-n-amylammonium thiocyanate are presented in table 1A; for octadecyltri-n-butylammonium bromate, in table 1B; and for octadecyltri-n-amylammonium formate in table 1C. In these tables, the concentration of the solutions, in moles per 1000 g. of benzene, is given in column 1, the freezing point depression, AT, in column 2, the apparent molecular weight in column 3, and the association number n, the number of formula weights per mole, in column 4. In computing the molec-ular weights, the freezing point constant of benzene has been taken to be 5.0850.5
Association numbers for octadecyltriamylammonium thiocyanate are shown graphically on curve 1, figure 1 (open circles) . Those maximum because of the limited solubility of this salt. The association numbers for octadecyltributylammonium bromate are much lower than those for the corresponding thiocyanate. The curve for the bromate resembles that of octadecyltriamylammonium thiocyanate in that the curve consists of two branches which interact at a maximum of 7.55 at a concentration of 0.146 molal. The branch toward higher concentration is a linear function of log m, the branch toward lower concentration is convex toward the log m axis.
The curves for salts of ions having long chains differ markedly from those of salts of symmetrical ions, such as tetrabutylammonium thiocyanate.
The association number of the latter salt exhibits a well-rounded maximum of 32 at a concentration of 0.28 molal. It seems probable that the differences found in the behavior of these salts at high concentration are due to the presence or absence of the octadecyl group in the positive ion.
The association numbers of octadecyltriamylammonium formate are shown graphically in figure 2 , curve 1; Copenhafer's values for octadecyltributylammonium formate are shown as curve 2 in the same figure. Although the association of the amyl derivative is marked, it is much less than that of the corresponding butyl derivative.
It may be noted that with these salts of high molecular weight, any impurity that might be present would tend to lower the observed value of the molecular weight and, correspondingly, the association number.
Comparatively small changes in the substituent alkyl groups lead to marked changes in the degree of association. We see this illustrated in the case of the formates. The effect is likewise apparent in the thiocyanates of the octadecyltributyl-and octadecyltriamylammonium ions. The two salts are almost equally associated at lower concentrations but, at higher concentrations, the amyl derivative exhibits a sharp maximum at 0.09 molal while the association number of the butyl derivative continues to increase up to 0.15 molal, the limit of solubility.
The forces responsible for the association of salts in benzene are chiefly due to the charges on the ions, although van der Waals' forces may also be involved. The degree of association is greatly dependent on the size and shape of both ions. The interpretation of cryoscopic data in benzene in terms of association yields a coherent picture of what is going on in these solutions. While the detailed mechanism of the association process cannot be formulated in most cases, there can be little doubt but that association is chiefly responsible for the cryoscopic behavior of electrolyte solutions in benzene. * This paper is based on a portion of a thesis submitted by Charles H. Keith, in partia.
